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Summary
Hyperthermia is used as an adjuvant in the chemo- and radiotherapy of cancer. Besides a direct cel-
killing effect, heat can enhance the sensitivity of cells for radiation (and some anti-cancer drugs)
Although hypeÍhermic radiosensitization is generally considered to be caused by thermal inhibition of
repair of radiation-induced DNA lesions, the exact mechanism is still unclear. Several approaches
point to the possibility of heat-altered chromatin structure as being an important factor in the inhibiting
effects on DNA repair (see chapter 1 for overview).
Due to the lack ofproper technical approaches to study repair of ionizing-radiation-induced
DNA damage at the level of individual genes and higher order chromatin structures, an altemative
approach was chosen by studying the eÍfects of heat on induction and repair of UV-induced
photolesions. Repair of UV-induced photolesions occurs preferentially in active genes located at the
basis of DNA loops attached to the nuclear matrix (see section | .2 and 1.3). Moreover, the transcribed
strand of active genes is known to be repaired at accelerated rate by a transcription-coupled
mechanism (see section 1.3)
The aim of the work in this thesis was to gain information on the mechanism of heat-induced
inhibition of DNA repair. Human fibroblasts were exposed to UV-C light and photolesions in active
and inactive genes were assayed directly after irradiation to determine initial damage and at dif[erent
intervals after exposure to study repair kinetics. Alterations in chromatin structure were induced by
hyperthermia. The influence of these changes on induction and repair of DNA damage were examined.
In chapter 2, the effect of hyperthermia on induction and repair of UV-inadiation-induced
cyclobutane pyrimidine dimers (CPDs) was investigated. The frequency of CPD was determined by
employing the CPD-specific-enzyme T4 endonuclease V, alkaline agarose electrophoresis, and
quantitative Southem hybridization. Frequencies of CPDs were determined in the genome overall and
in restriction fragments of the transcriptionally active adenosine deaminase (r4DA) gene and inactive
754 locus.It was found that hyperthermia caused a slight reduction in the number of initial lesions in
the transcriptionally active DNA. This effect was not seen in the inactive 754 locus. More importantly,
removal of CPDs from the ADA gene was strongly delayed during the first eight hours in UV-
irradiated fibroblasts. Such inhibition of repair of CPDs was not observed for the 754 gene, indicating
that inhibition of repair by hyperthermia is not mediated by a general inactivation of repair enzymes.
Inhibition of induction and repair of CPDs in active genes is proposed to be related to the phenomenon
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of increased protein content of isolated nuclei. This heat-induced aggregation of proteins is mainly
found at the nuclear matrix, proximal to sites of active genes (see chapter I and 4). Since heat is
known to inhibit transcription drastically, it was important to test whether the observed hyperthermic
inhibition of the repair of nanscriptionally active genes was due to the heat-altered transcriptional
status of these active genes and/or to the position of active genes at the nuclear matrix. This question
was addressed in chapter 3 and 5.
In chapter 3, removal of CPD was studied in human fibroblasts with different repair capacities
and different transcriptionally status of the adenosine deaminase gene, i.e., normal human cells,
xeroderma pigmentosum complementation group C fibroblasts, and human cells carrying an inactive
copy ofthe adenosine deaminase gene. These studies demonstrated that heat effects on repair ofactive
genes are not solely due to inhibition oftranscription (and thereby transcription-coupled repair). Also
inhibition of repair of potentially active (but not transcribed) matrix-associated genes, mediated by the
global repair system, is seen.
In chapter 5, the effect of hyperthermia on the repair of another important UV-induced DNA
lesion, the pyrimidine (6-4) pyrimidone photoproduct (6-4)PP), was investigated. In the nonheated
cells, repair of (6-4)PP inthe ADA gene occurs with similar rate in the transcribed and nontranscribed
shand of the ADA gene. Yet, removal of (6-4)PP from the active ADA gene is faster than from the
inactive 7 54 locls. Hyperthermia decreased the rate of repair of the active I DA gene down to the level
of inactive genes, whereas the rate of repair of the 754 locus was not affected. These data are
consistent with the data on CPD repair and further support the idea that thermal inhibition of DNA
repair is not merely a result of inactivation of enzymes involved in nucleotide excision repair (NER) or
to heat effects on transcription. Rather they point to a more general concept ofheat-induced changes in
chromatin structure at the level of (active) gene positioned proximal to the nuclear matrix, being the
cause for the inhibition of DNA repair by heat.
Based on these results, a detailed study (chapter 4) was performed on the effects of heat on
chromatin stnrcture, in order to get a better insight in the findings described above. As mentioned
before, cellular heating causes protein aggregates. These aggregates are specifically found at the
nuclear matrix. Although the aggregates appears to have no effect on the accessibility of the majority
of the (loop) DNA to a small repair enzyme such as T4 endonuclease V, several lines of evidence
showed alterations at the level of transcriptionally active DNA sequences which are closely associated
with the nuclear matrix. Whereas the general DNase I sensitivity of DNA was not altered in heat-
ocked cells, repair labelled DNA in XP-C cells (which specifically labels DNA in close association
ith the nuclear matrix) was less accessible for DNase I after heating the cells. Comparison of several
pes of isolation procedures for nuclear matrices revealed that heat-shock-induced protein
ggregation affected the ability to induce Cu2*-mediated DNA anchoring at the nuclear matrix.
.xtended studies on the organization of defined DNA sequences revealed a unique MAR in the ADA
ene upstream of the first exon, while no MAR was found in the inactive 754 locus. Following heat
ieatment, an additional MAR was identified at the 3' end of the ADA gene, whereas the 754 locus
emain not associated. So all data indicate that heat specifically affects the structural organization of
rnly active genes at the level of attachment to the nuclear matrix.
In the general discussion (chapter 6), it is explained how and to what extend this work with UV
Light may be extrapolated to the effects of heat on repair of DNA damage induced by ionizing
radiation and how the inhibitory effect of heat on repair of active genes subsequently can be
responsible for thermal radiosensitization. Suggestions for future experiments are provided to (further)
test our working hypothesis that heat-radiosensitization is caused by heat-induced protein aggregation
afïecting DNA structure at the level of DNA-loop association with the nuclear matrix, and thereby
specifi cally inhibiting the repair of active, matrix-associated genes.
